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Drift Current:

➢ Q: What happens when an electrical field (E) is applied to a semiconductor crystal ?

A: When an electric field is applied, the carriers are accelerated by the force due to
the electric field (Newton’s law). Holes are accelerated in the direction of E, free
electrons are repelled.

➢ How is the velocity of these holes defined?

➢ An electric field E established in a bar of silicon
causes the holes to drift in the direction of E and
the free electrons to drift in the opposite direction.
Both the hole and electron drift currents are in the
direction of E.

Note: that electrons move with velocity 2.5 times higher
than holes
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Drift Current:

➢ The net drift motion of the ensemble of carriers produces an electric current.

➢ Electric current density Jdrift , by definition, is the net charge crossing per unit area
of an arbitrary plane per unit time.

➢ A similar expression for the electric current due to electrons may be derived.

➢ Electric current:

➢ The total drift current density defined as:

𝐽𝑝 = 𝑞𝑝𝑣𝑝,𝑑𝑟𝑖𝑓𝑡 = 𝑞𝑝𝜇𝑝𝐸

𝐽𝑛 = 𝑞𝑛𝑣𝑛,𝑑𝑟𝑖𝑓𝑡 = (−𝑞)𝑛(−𝜇𝑛𝐸) = 𝑞𝑛𝜇𝑛𝐸

𝐼𝑛 = 𝐴𝐽𝑛 = 𝐴𝑞𝑛𝜇𝑛𝐸

𝐼𝑝 = 𝐴𝐽𝑝 = 𝐴𝑞𝑝𝜇𝑝𝐸

𝐽𝑑𝑟𝑖𝑓𝑡= 𝐽𝑝 + 𝐽𝑛 = 𝑞𝑝𝜇𝑝𝐸+ 𝑞𝑛𝜇𝑛𝐸

= 𝑞 ( 𝑝𝜇𝑝+ 𝑛𝜇𝑛) 𝐸 = 𝜎𝐸
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Drift Current:

➢ conductivity (𝜎) : relates current density (J) and electrical field (E)

➢ resistivity (𝜌) : relates current density (J) and electrical field (E).

𝐽 = 𝜎𝐸

𝜎 = 𝑞 ( 𝑝𝜇𝑝+ 𝑛𝜇𝑛)

𝜌 =
1

𝑞 ( 𝑝𝜇𝑝+ 𝑛𝜇𝑛)
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Drift Current:
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Doping dependence of mobility

Doping reduces carrier mobility
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Drift Current:
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Drift Current:
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Diffusion Current

➢ There is another type of current in semiconductors that arises due
to the diffusion of carriers. Diffusion is also a consequence of
random thermal motion of carriers. But the exact source of diffusion
is the non-uniform spatial distribution of carriers.

➢ We have assumed so far that the carrier concentration distribution
is uniform everywhere inside the semiconductor. This may not
always be true. For example, the impurity distribution inside a
semiconductor may vary due to processing conditions.

➢ Let us now analyze the consequence of non-uniform distribution of
carriers.

➢ However, when carrier concentration is non-uniform, more number
of carriers move out of the higher carrier concentration region than
the number of carriers that move into it. As a result, there is a net
motion of carriers from the higher concentration region to a
lower concentration region. Thermal agitation causes the carriers
to spread in such a way as to equalize the distribution. This motion
of carriers is known as the diffusion.
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Diffusion Current

Observe that a negative (dn/dx) gives rise to a negative
current, a result of the convention that the positive direction
of current is taken to be that of the flow of positive charge
(and opposite to that of the flow of negative charge).
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Diffusion Current
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Relationship Between D and µ

➢ the relationship between diffusion constant (D) and mobility (µ) is defined by thermal voltage (vT).

➢ known as Einstein Relationship:
𝑫𝒏

𝜇𝒏
=

𝑫𝒑

𝜇𝒑
= 𝑽𝑻

➢ Thermal voltage: 𝑽𝑻 =
𝑲𝑻

𝒒
at T = 300K, VT = 25.9mV
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Summary :

𝐽𝑛,𝑑𝑟𝑖𝑓𝑡 = 𝑞𝑛𝜇𝑛𝐸

𝐼𝑝 = 𝐴𝑞𝑝𝜇𝑝𝐸

𝐽𝑑𝑟𝑖𝑓𝑡= 𝐽𝑝,𝑑𝑟𝑖𝑓𝑡 + 𝐽𝑛,𝑑𝑟𝑖𝑓𝑡= 𝑞 ( 𝑝𝜇𝑝+ 𝑛𝜇𝑛) 𝐸 = 𝜎𝐸

𝐽𝑝,𝑑𝑟𝑖𝑓𝑡 = 𝑞𝑝𝜇𝑝𝐸

𝐼𝑛 = 𝐴𝑞𝑛𝜇𝑛𝐸 𝐸 =
𝑣

𝑙

𝜎 = 𝑞 ( 𝑝𝜇𝑝+ 𝑛𝜇𝑛)

𝜌 =
1

𝑞 ( 𝑝𝜇𝑝+ 𝑛𝜇𝑛)

𝐽𝑛,𝑑𝑖𝑓𝑓 = 𝑞𝐷𝑛
𝑑𝑛(𝑥)

𝑑𝑥

𝐼𝑝 = −𝐴𝑞𝐷𝑝
𝑑𝑝(𝑥)

𝑑𝑥
𝐽𝑝,𝑑𝑖𝑓𝑓 = −𝑞𝐷𝑝

𝑑𝑝(𝑥)

𝑑𝑥

𝐼𝑛 = 𝐴𝑞𝐷𝑛
𝑑𝑛(𝑥)

𝑑𝑥

𝐽𝑑𝑖𝑓𝑓= 𝐽𝑝,𝑑𝑖𝑓𝑓 + 𝐽𝑛,𝑑𝑖𝑓𝑓=−𝑞𝐷𝑝
𝑑𝑝 𝑥

𝑑𝑥
+ 𝑞𝐷𝑛

𝑑𝑛(𝑥)

𝑑𝑥

𝐽𝑇𝑜𝑡𝑎𝑙= 𝐽𝑑𝑟𝑖𝑓𝑡 + 𝐽𝑑𝑖𝑓𝑓= 𝒒 ( 𝒑𝝁𝒑+ 𝒏𝝁𝒏) 𝑬 + −𝒒𝑫𝒑
𝒅𝒑 𝒙

𝒅𝒙
+ 𝒒𝑫𝒏

𝒅𝒏 𝒙

𝒅𝒙

𝑫𝒏

𝜇𝒏
=
𝑫𝒑

𝜇𝒑
= 𝑽𝑻

𝑽𝑻 =
𝑲𝑻

𝒒
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